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MATERIALS FOR IML: WHAT TO USE AND WHY? 

ABSTRACT 

This is a brief review of some material choices for IML and how the choices influence the 
performance of labels and containers. 

INTRODUCTION 

Material choices for an in-fflold label include substrate, adhesive, inks, and overprint 

fataSkn but must be evaluated for its contribution to Hie complete label and its 
influence on the IML process. Consider first the label substrate. 

FJQLM VS. PAPER LABELS 

The ideal or fantasy in-mold label would be a film that prints and handles Hto. paper, 
no LT3 coating, and is half the price of paper. Until we reach tot bflygoaL 
Zmult deS wk the realties' of what we do have available in film label substrates. 
ActS currently available labeling films and Hiose under development have much to 
o^m P ™^th paper. H e re are some advantages that film in-moid labels have over 

paper. 

Rcgrindable Offware 

Polyolefin-based film infold labeled containers can be re-pound and fed back into the 
extruder for reprocessing, 

Post-Consumer Recycling 

Film in-mold labeled containers would not be considered co-mingled material and after 
classification could be fed directly to a HOPE recycler. 

"No Label" Look 

A clear or contact clear, reverse or surface printed film in-mold label provides a "no 
label" look. 

Moisture and Product Resistance 

Film in-mold labels provide superior resistance to moisture and product spills. This is a 
reTadvantage for containers used for reMgetated bevies and household chemicals. 

Hot Pill Resistance 

Plastic labels have an advantage in hot filled food packaging where paper labels have 
shown poor resistance to heating and water cooling cycles. 
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Improved Heat Traasfer 

Because the film label and polyolefm bottle have similar heat transfer properties, label 
bulge and other stresses on the label seen with paper labels are mostly eliminated. Cool 
down after blow molding is fester, and label failures are reduced. 

Smaller Containers 

Elimination of de-labeling makes smaller bottles more economical to produce. 

Some real disadvantages must still be overcome in film in-mold labels compared with 
paper* 

Die Cutting 

The same thermoplastic properties that make film labels attractive can also cause edge 
welding when they are stacked and die cut. In-line or off-line rotary die cutting or off-line 
flatbed die cutting can prevent edge welding. 

Multiple Feeding 

Film labels have a greater tendency to multiple feed out of the label magazines than do 
paper labels. Film labels are more subject to static problems and blocking and have 
poorer stiffness than paper. 

Dimensional Stability 

Many film labels, especially those printed on oriented films, will become distorted when 
exposed to heat during printing, beat seal coating, or blow molding. 

Cost 

By far the greatest disadvantage of film labels is their cost. This is still 1 .5-2 times that of 
paper. 



PAPER SUBSTRATES 

The base paper used for the production of in-mold labels is not very different from that 
used to make conventional glue applied labels with certain important exceptions. Lay flat 
and curl characteristics must be more careMy controlled for the in-mold process. This is 
very important for trouble-free feeding of labels from the magazi&es, Labels that have 
excessive curl tendencies create multiple pick problems during the blow molding cycle. 

The clay coating on a coated two-side sheet also plays a far more important function than 
in conventional label production. It prevents the wet coating from penetrating into the 
fibers of the paper. If this "hold ouf coating is not smooth and uniform, the heat seal 
layer will be uneven resulting in label defects such as blistering and flagging. The 
pigment to binder ratio of the clay coaling h also critical to in-mold label function. 
Inadequate binder can adversely affect moisture resistance and overall label adhesion. 
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Many label adhesion problems initially blamed on the heat seal have been traced to a 
■3 ikiliireinliieckycoatfaig, 

Urtfortimately, the in-mold label business although significant to those who wort in it is a 
*F very small market for the paper suppliers* Very few suppliers have been willing to custom 

5L3> design a base sheet for in-mold labeling and provide the kind of quality control to prevent 

IB j«| the sort of recurring problems seen over the past two decades, 

0 *% 

3 ADHESIVES 

-» For extrusion blow molded ML, the heat seal coating on the back side of the label may 
well be tbe most critical functional component in the in-mold labeling process. The most 

■ ^ widely used heat seal coatings for in-mold labeling are EVA-based either solvent or water 

.3* bome. Water borne adhesives are especially useful for solvent-sensitive polyolefm label 

3^ films. Many of the newer film substrates now available have an extrusion applied or co- 

A extruded sealant layer rather than a Hquid-appEed heat seal coating. 



1% Whatever the composition of me adhesive may be, it must have certain attributes for 

fSk efficient application: 

Viscosity/Rheology 

0J 3 In its liquid form, the heat seal coating must have viscosity and rheology properties that 

"*"*" m will make it easily coatable on the available equipment at optimum line speeds, solids 

content, and coating weight 



_ ^ Pot life 

g| ^ The liquid coating needs good stability under running conditions to minimize downtime 



gji 3t 



Ease of Drying 

Once it is laid down, me wet coating must release its volatiles under the nominal drying 
-gl conditions available at high press speeds. High levels of retained volatiles— solvent or 

™ f& water— can cause label bloddng> blistering, or poor adhesion in the blow molding cycle. 

Bo 

jjg 0^ Resistance to Tacfcwg 

*% The dry heat seal coating should not become tadc? as it passes over downstream idler 

fSk filers. This is particularly important in the printing and over-lacquermg of pte-coated 

0 ^ label stock. CareM use of cMU rollers can help minimize premature activation of the heat 

0 ^ 
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FUNCTIONAL CHARACTERISTICS OF HEAT SEAL COATINGS 

The functional characteristics of the heat seal coating are critical to the proper 
perforates of both paper and film in-mold labels. 



The slip or coefficient of friction (COF) properties of the heat seal must be controlled so 
that the coated web or sheets will track through the label manufactaing process smoothly 
with a minimum of cling ox static problems* This is particularly important in jogging 
sheets of labels during stacking operations before die cutting, Label slip properties are 
also critical to feeding of labels from the magazine to the mold cavities without double or 
triple picking. Dry slip powders commonly used to assist sheet handling should not be 
used in the manufacture of In-mold labels because these powders can interfere with heat 
seal adhesion and clog tibe vacuum port system, 

[ a Noft-Bioekrog 

r J 

r ^ Hie blocking resistance of a heat seal coating is the combined function of its surface slip 

- 3 and activation temperature. The heat seal must have sufficient blocking resistance to 

t ^ permit storage of both pre-coated stock and finished labels to either roll or sheet form 

f ^ under a reasonable ambient temperature fange. In addition to overall blocking, edge 

f welding can occur during the die cutting operation if the coating is too soft, activates at 

H too low a temperature, or has a high level of retained solvents. The latter act as 

L ^ plasticizers and soften the coating. Bither of these forms of blocking can cause problems 

! ^ in feeding of labels ftom warm magazine stacks during the blow molding operation 

is — — 

I. *j The mechanics of in-mold label heat seal activation are quite different from that of 

I conventional heat seal labels. A <x>nventional 5 direct heat seal label is sealed to a substrate 

j * by the application of heat and pressure to the printed face of the label The heat seal 

I coating on the back side of the label becomes molten and wets the surface of the 

, ^ substrate. In the in-mold process, the heat seal is at or below ambient temperature until it 

* is contacted by the hot molten plastic. The correct combination of plastic temperature, 

* pressure, and dwell time is required t for proper heat seal activation and satisfactory 
& in-mold label performance. If one or more of these parameters are out of balance^ label 

failure or sub-standard performance Mill result, 

There is little latitude in the blow molding process to accommodate specific heat seal 
activation requirements. Temperature and pressure are largely determined by the plastic 
-Hi used and the geometry of the mold cavity itself Dwell time in the mold cavity under 

^ pressure is dictated by required production rates, Hie heat seal must be designed with 

activation properties compatible with the blow molding conditions while also considering 
other temperature-related factors such as blocking resistance, set-up, and hot tack, 

s% Adhesion 

The heat seal must be designed for specific adhesion to the type of plastic container to be 
' labeled and to the label substrate itself This can be quite challenging when dealing with 
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polypropylene films. Polyolefin bottles such as high-density polyethylene and 
polypropylene require a heat seal that is quite different from that used for PET bottles. 
Blow molding temperatures, container chemical composition, and mold Mease agents are 
but a few factors that influence heat seal formulation- 

Set-up Time 

When the still hot container Is ejected from the mold, the residual heat in the container 
can inactivate the heat seal coating, The bond strength of the heat seal coating must be 
sufficiently high to prevent label separation from the container. This can be seen as edge 
-Bftmg (flagging) or blistering. Hie heat seal property that resists these forces is known as 
its hot tack. Hot tack can be thou^rt of as the bond strength of the molten adhesive 
immediately after the bond is formed A certain amount of container shrinkage will occur 
during the cooling process. The amount of this contraction is a function of plastic 
composition, container configuration, and blow molding conditions. Shrinkage can cause 
label distortion such as crazing if the heat seal is not completely set. 

Heat Resistance 

Heat resistance differs from hot tack in that it is the temperature to which a cold bond can 
be raised before it ftik Heat resistance is important in maintaining label integrity during 
hot filling and container usage and during storage at elevated temperatures, It is a 
combined function of activation range and adhesion properties to the specific container 
composition* 

Product Resistance 

Since the label in tbe in-mold process becomes a flush, integral part of the container wall, 
potential exposure of ftc heat seal to the packaged product is generally minimal. For 
paper labels, satisfactory protection of label integrity and graphics is usually achieved by 
proper selection of the overprint lacquer or use of a non-wickixig label stock. Special 
properties might be required in the in-mold label heat seal itself to resist attack by 
aggressive products such as paint thinner, automotive fluids, cooking oils, and pesticides, 
Film labels are Ideal for applications where product resistance is a special requirement 

Removability 

As in most manufacturing processes, misformed or mislabeled containers (offware) may 
occasionally be produced that must be recycled Before paper in-mold labeled containers 
may be reprocessed, the labels must be removed to avoid contamination of the plastic 
regrind Most blow molders have developed their own proprietary removal techniques. 
What Ktfle is known about these methods suggest that they take advantage of the heat 
activating properties of the label heat seal to soften the coating for removal. One attribute 
of film labels is their readability without the need for label removal. 

Regulatory Status 

End users frequently require the heat seal on in-mold labeled containers for home use 
products to exceed the requirements of appropriate federal regulations. For example, 
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^ wfbile in-raold labels may be placed on the outside of non-food containers, the heat seal 

Zj) coatings often must comply with direct food contact FDA regulations. 

3> INKS AND OVERPRINT COATINGS 



3 



*3 



Although In-mold labels for blow molded IML are exposed to the high temperature of the 
~ parison for only a short lime, it is advisable to use process inks that have better than 

-3 average heat, chemical, and abrasion resistance, Ill-mold labeled bottles retain heat from 

3) the blow molding cycle for a long time especially when packed in cases and stored in hot 

warehouses. Heat resistant inks such as those used for heat scalable lidding' applications 
are recommended. UV curable inks are becoming quite popular for ML applications 
3 because they provide superior physical properties and outstemding gloss. There are some 

3 concerns about the recyclabffity of XJV cured ink and coatings, but test results thus fer are 

3 inconclusive. 

^ In-mold labels for injection molded containers ate subjected to even higher temperatures 

3 and pressures during the injection process. Once ejected from the mold, a flat ltd or open 

top tub will quickly cool to ambient temperature. 



, % Since the labels on in-mold containers start life long before they are filled with product, 

the overprint lacquer must provide superior protection against abrasion and the heat of 
15 blow molding. Again, UV curable top lacquers are useful. In choosing an overprint 

coating, printers should be aware of the potential for blocking due to plasticizer migration 
from the top lacquer into the heat seal coating, This can take place in the master roll, 
during die cutting, or in the hot label magazines at the Mow molding machine. Plasticizer 
O migration has also been responsible for label adhesion failure or localized defects. 

Plasticizer in the heat seal coating will soften it and lower its activation and heat 
resistance temperatures. Consult a coating supplier and be certain he knows his lacquer 
*T will be used for an in-mold application. 



-J CONCLUSION 

^ Each component of an in-mold label must perform its function in concert with the others 

«l to satisfy the rigorous requirements of the ML process. 

■3 
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IN-MOLD LABELING VS. OTHER LABELING METHODS 

SJ?«S? ^ "* 311 capable of quality graphics S3 

m TSSaS? T* detergent bottles « to Md 



Label Costs, per MSI 



Design Changes 



Set-up Costs 



IN-MOLB 
LABELING 

Less for Long Runs 



Mold Change 



Cost for New Molds 



FirishedBotfleT 



High if New Molds 



HEAT TRANSFER 
More for Long Runs 



Change Label (Mv 



PRESSURE 
SENSITIVE 

More for Long Runs 



Large Existing Base 



Low for New Label 



Change Label Qnlv 



Large Existing Base 
Low for New Label 




CONCLUSION 

SfSSSiS^ Ejection stretch blow molding, 

E^'fl ^ * * ennofem *w«M I*** Regardless of technique, £ 

of TMr m^*T 8 * g W * H * > * ' need for Ion S nms, etc. The potential user 
of m must compare the process to other label techniques such as heat taZvbfa* 
and pressure sensitive adhesive labels. 18 
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